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Abstract 

Exposure to penicillins in hospitals can occur during drug handling, which becomes 
the cause of various diseases. A screening method for determination of spill and 
leakage of 5 different penicillins has been developed. The penicillins studied were 
Cloxacillin, Dicloxacillin, Penicillin G, Penicillin V and Piperacillin. The monitoring of 
penicillin spill and leakage was performed with wipe sampling, which is a common 
way to monitor surface contamination, and air sampling, which is normally used for 
the assessment of occupational exposure to aerosol. Comparison was made with a 
general monitoring technique for airborne dust called gravimetry, based on the 
weight of a dust load on a filter after pumping the air through the filter. Air and wipe 
samples were extracted with water and analyzed by High performance liquid 
chromatography coupled with mass spectrometry (HPLC-MS/MS) using a 
water/acetonitrile isocratic eluent on a reversed phase column. Determination was 
made by negative ion electrospray ionization with tripplequadrupole mass 
spectrometry. The limit of detection (LOD) was calculated for air and wipe sampling 
using 3:1 signal to noise ratio. The method for air sampling was validated in the range 
of one tenth to twice the Occupational Exposure Limit (OEL) value for penicillin in 
air (0.1 mg/m3) as inhalable dust. The limit of detection (LOD) was found to be quite 
lower than the OEL. For wipe sampling, the LOD was slightly higher than the 
recommended value (1 ng/cm2), according to the guide lines from the Swedish Work 
Health Authority.  
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1. Introduction 

β-lactam compounds consist of different classes of compounds, which include 
penicillins, cephalosporins, monobactams and carbapenems. Among these, penicillins 
and cephalosporins have great importance in health care. The structure of a β-lactam 
compound is divided into three main parts: β-lactam ring, a carboxyl group and a 
substituted amino acid side chain. β-lactams have a limited stability particularly in 
alcohols because of the presence of unique four-membered ring in their structure (1, 
2). Penicillin is a group of compounds, which was found to be the first active 
substances as antibiotics. These are widely used in the human and veterinary medicine 
against both gram-positive and gram-negative bacteria’s due to their antimicrobial 
activity (2). The Swedish Pharmacy Services sale statistics have shown that about 26.7 
million defined daily doses (DDD) of penicillin drugs were prescribed in Sweden 
during 2009, of which a large quantity was within hospital care. At year 2000, there 
were 20 penicillins registered for use in health care in Sweden and today there are 
about 10 penicillins registered (3).  
 
The medical staff exposure to penicillin in hospitals can occur during the drug 
handling, which becomes the cause of various diseases (4). Research has shown that 
occupational exposure to penicillins through the airways and the skin can cause 
sensiblization with symptoms like asthma and urticaria (5). An occupational exposure 
limit value (OEL) has been set for workers by the Swedish Work Health Authority’s 
(SWHA). In their new ordinance from 1 July 2012, the OEL value is set to 0.1 mg/m3, 
as inhalable dust, and is also marked as S, since the risk for sensitization is high with 
skin contact (6). According to a survey conducted by the SWHA there are about 20 
annual reported cases of illness during the past five years due to the handling of drugs 
but it turns out through experience that there are number of cases which have not 
been registered. 
 
β-lactam antibiotics are well known to cause allergic reaction in highly sensitive 
individuals due to the consumption of different kind of foods containing β-lactam 
residues as some of the cases are reported in the literature (7). Research has been 
done for the determination of penicillin in different matrices but very few studies have 
been carried out describing the occupational exposure to penicillin (8). There is a 
general analytical technique for airborne dust called gravimetry by weighting a dust 
load on a filter after pumping the air through the filter. The disadvantage with this 
method is that it is not able to distinguish between the penicillin dust and other dust 
sources (9). Although we know the disadvantage, we considered, to include this 
method in our studies, to show if the gravimetric method can be applied. Moreover, 
biological sampling has been used to study uptake and effects by determining 
penicillin compounds in the blood and plasma, but has never been used to study the 
occupational exposure.  
 
Marchettiet al has developed a method for the determination of penicillin compounds 
from milk samples by high-performance liquid chromatography (HPLC) with UV 
detector (8). Petz. M., et al published a similar kind of method for the detection of 
penicillin's and cephalosporins in bovine muscle, kidney and milk by liquid 
chromatography-tandem mass spectroscopy (HPLC-MS/MS) (7). Nygren and Lindhal 
recently developed a method for screening spill and leakage of antibiotics on surfaces 
based on wipe sampling and HPLC-MS/MS analysis but no penicillin compounds 
have been included in the studies (4).The monitoring of penicillin spill and leakage 
can be performed with wipe sampling, which is a common way to monitor surface 
contamination. As there is no limit value for surface contamination but there is 
recommendation from Arbetsmiljöverket (10). In previous studies different kinds of 
wipe sampling techniques have been used at different work places. The technique has 
however only been used for Cyclophosphamide and cisplatin (11-16) but no penicillin 
was included. Another method, used to monitor penicillin in air, is sampling of aerosol 
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on a filter using a pump, which is normally used for the assessment of occupational 
exposure to aerosol (17). 
 
The aim of this project has been to develop a simple method for monitoring penicillin 
in air and on surfaces, which could be used for screening occupational exposure to 
penicillin in different work environments. Our goal has been to develop a method, 
which can detect penicillin in trace amounts in the interval from 1/10 to twice the 
OEL, which is 0.1 mg/m3. Five β-lactam antibiotics (Penicillins) have been included in 
this project and were analyzed using HPLC-MS/MS using negative ion electrospray 
ionization with tripplequadrupole mass spectrometry. 
 

2. Experimental: 

2.1 Chemicals:  
All solvents were of pro analysis quality and methanol was purchased from Merck  
(Darmstadt, Germany) and Acetonitrile was purchased from Fisher (Loughborough, 
Leics, UK) HPLC grade and water was purified in a Milli Q water purification 
apparatus (Millipore, Billerica. MA, USA). 
Benzyl penicillin (penicillin G), Cloxacillin, Piperacillin, and Oxacillin were purchased 
from Sigma Aldrich as their corresponding sodium salts and Penicillin V and 
Dicloxacillin were purchased from Fluka as their corresponding sodium salt (see 
Figure 1.). A stock solution of 1mg/mL for each single penicillin was prepared in a 1:1 
mixture of water and acetonitrile. Several working solutions were made from this 
stock solution. Mixed standard solutions with different concentrations of 0.05µg/mL, 
0.5µg/mL, 1µg/mL and 10µg/mL were prepared from the stock solution. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: 1. Chemical structures of the five antibiotics investigated in this study. 

2.2Materials: 
A wet wipe sampling tissue (Apoliva, Apoteket AB, Sweden), previously used and 
tested for antineoplastic materials (18, 19), was used for the collection of wipe samples 
using powder free disposable gloves. The Apoliva wipe tissue is a commercial wet 
tissue single packed in envelops. It is a non-woven cellulose fibre tissue (17 x 22 cm) 
wetted with 3.2g of a 15% ethanol in water solution with sorbic acid as preservative. 
For air sampling, glass fibre filters with a diameter of 25 mm and a pore size of 5µm 
(Type AE, SKC, USA), mounted in IOM samplers (SKC, USA), were used.  

                                                     
                Penicillin G                                                        Penicillin V  
                   

                                          
                Cloxacillin                                                        Dicloxacillin 

                                               
                                                 Piperacillin 
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2.3 Apparatus:  
For air sampling, the IOM samplers were mounted on stands and connected to pump 
(Airlite-pump, SKC, USA) using silicon tubing. A rotameter (Rota, Germany) was used 
to measure the flow rate and to adjust it to 2 L/min. An analytical balance (AB50-S 
Mettler-Toledo, Germany) was used for weighing the filter samples with a sensitivity 
of 0.1 mg. 
 
Separation and quantification were performed with a Perkin-Elmer (Norwalk, CT, 
USA) liquid chromatography system (HPLC) consisting of two micro-pumps and auto 
sampler (Perkin-Elmer Series 200) The HPLC was equipped with an ACE C 18 HPLC 
column, 100 cm x 2.1 mm (3 µm particle size, YMC Inc., Wilmington, NC, US) and the 
temperature of the column was 80 ˚C and injection volume was 15 µl. Isocratic elution 
was used with 20% water (solvent A) and 80% acetonitrile (solvent B) with a flow rate 
of 250 µl/min. The HPLC system was coupled to a tandem mass spectrometer 
(MS/MS) with a triple quadruple (API 2000 PE Biosystem, Foster City, CA, USA) 
equipped with an electrospray ion source (TurboIonSpray), and negative 
electronspray ionization mode was used (ESI).  
 
The following MS/MS scan parameters were used to analyze the five substances 
Cloxacillin (m/z 433.8 and 292.7), Dicloxacillin (m/z 467.7 and 326.7), Penicillin G 
(m/z 332.8 and 191.9), Penicillin V (m/z 348.7 and 92.9) and Piperacillin (m/z 515.8 
and 232.9). In the method development various MS/MS parameters values i.e. 
collision energy, collision cell exit potential were tried and we ended up in the above 
mentioned parameters. The basic MS/MS conditions are summarized in table 1.  
 

Table: 1. Summary of ESI-MS/MS Data Acquisition Parameters 
 

 

 

 

 

 

 

 

 

 

 

1 The trivial names and spellings are given according to FASS (3) 
2 Electrospray ionization 
3 Collision cell exit potential in eV 
4 Daughter ion of first MS scan used for the quantification of compounds 
 

Previously, an HPLC-MS/MS method had been developed for detecting the 
contamination of Cyclophosphamide (CP) on surfaces in the work place using wipe 
sampling (20). Also a similar method had been developed for the determination of 
antibiotics in the sewage waters (21). Reversed phase HPLC coupled with mass 
spectrometry has been used for the determination of antibiotic substances (21, 22), 
but no penicillin were included. In this project it was therefore considered necessary 
to employ reversed phase HPLC for the separation of penicillin, since no previous 
work had been done for the determination of penicillin compounds. 

 
3. Experimental procedure: 

3.1 Wipe sampling procedure: 
Wipe samples were collected at specified areas on the selected surfaces using a plastic 
frame 10 x 10 cm (= 100 cm2). Gloves were changed between each sample to avoid the 
cross- contamination between the samples. The tissue was cut in two halves. One half 

Analyte1 
Parent ion 

(m/z) ESI2 (-Ve 
ion mode) 

Collision 
energy (eV) C x P3 Quantifier4 

Cloxacillin 433.8 14 10 292.7 
Dicloxacillin 467.7 14 10 326.7 
Penicillin G 332.8 12 8 191.9 
Penicillin V 348.7 34 6 92.9 

Piperacillin 515.8 20 8 232.9 
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was used for collecting the wipe sample, and the other half to clean the plastic frame 
after sampling to avoid the cross- contamination between samples. A special wipe 
pattern was employed to collect the samples (18, 19). The tissue part with the collected 
sample was folded according to the validated procedure (18, 19) and placed into a 
screw-capped test tube and stored in the fridge prior to analysis. 

3.2 Air sampling procedure: 
The filter was inserted into the filter cassette of the IOM sampler using plastic 
tweezers. The cassettes with filters were weighed before and after the sampling were 
made using an analytical balance. The range for sampling could be made 1-8 hours 
with a flow rate of 2L/min. 

3.3 Work-up procedure for the samples: 
After the wipe samples were thawed, the wipe tissue was pushed to the bottom of the 
tube using disposable stick. Filter samples were removed from the IOM sampler and 
placed in test tubes. Then, 10 mL milli Q water and 50µL of internal standard 
(Oxacillin) solution were added to the tubes, and the samples were shaken for 15 min 
with an IKA-VIBRA-VXR (IKA Labortechnik, Staufen, Germany).The samples were 
then transferred to HPLC microvials for the analysis.  

3.4 Analytical method: 
For development of an optimised analytical procedure, the variation of a number of 
parameter was investigated. For a good chromatography of the penicillins, the 
following parameters were investigated: the composition of the eluent, the eluent flow 
rate, the column temperature and the injection volume. For development of a suitable 
MS/MS analysis, the collision energy, the CxP values were optimised and suitable 
daughter ions were selected for quantification of the penicillins. 

3.5 Stability Test for Penicillins: 
A stability test for the penicillins (1µg/mL mix standard solution with all five 
penicillins in milli-q water) was evaluated at room temperature at 20 ˚C and in 
refrigerator at 4˚C for the duration of 24 hours and 7 days.  

3.6 Standard calibration curve: 
A linear calibration curve was obtained for all the penicillin compounds in the 
required concentration ranges. A three point calibration curve was prepared from the 
concentrations of 0.2 µg/mL, 0.5µg/mL and 0.8µg/mL in the analytical solution. The 
reason that we chose these three concentrations is because, with the air sampling 
procedure employed in this study, they correspond to concentrations of airborne 
penicillins ranging from 1/10 times lower to two times higher than the OEL, which is 
0.1 mg/m3.  

3.7 Occupational exposure levels: 
An OEL has been set to 0.1 mg/m3, as inhalable dust, by the Swedish Work Health 
Authority’s (SWHA). As a matter of the fact, we were interested in two different levels 
for both four hour and one hour sampling i.e. 1/10 lower and two times the OEL. The 
reason for selecting this concentration range is that it is the relevant range for 
occupational exposure assessment. 
 For four hours air sampling, and a range within of one tenth to twice of the OEL 
would give us approximately 5 and 100 µg of penicillin on the filter samples, 
respectively. After sample work-up, the concentration in the analytical solution will be 
0.5 µg/mL and 10 µg/mL. In the same way for one-hour sampling, an amount of 0.5 
and 10 µg of penicillin will be collected on the filters. After sample work-up, this will 
result in analytical solutions with penicillin concentrations of 0.05 µg/mL and 1.0 
µg/mL, respectively.  
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3.8 Evaluation of the experimental procedure:  
For the evaluation of our experimental procedure the following parameters were 
brought in consideration i.e. stability, recovery and adequate detection limit. The 
storage tests were performed to check the stability and recovery of penicillins at room 
temperature and in refrigerator for the duration of 24 hours and 7 days.  
 
Six sampling filters in parallel were placed in capped test tubes and fortified with 100 
µg, 10 µg, 5 µg and 0.5 µg amounts of penicillins by spiking the filters, using a 
micropipette (Finn pipette, Lab systems, Helsinki, Finland), with 100 µL, 50 µL and 5 
µL standard solution, which was prepared from the stock solution and dried with an 
air flow for 10 min. When the samples were completely dried, 10 mL of milli Q water 
was added to each test tube. The tubes were capped and shaken for 15 min to 
thoroughly dissolve the penicillins into the water. Then the samples were filtered 
using a Filteropur S 0.2 (SARSTEDT) and a syringe.  
 
The filtered samples were collected into HPLC vials for the analysis. These spiked 
samples were analysed using HPLC-MS/MS to calculate the percentage of recovery, 
mean value and relative standard deviation-(RSD). For the evaluation of wipe 
sampling, a laboratory test was carried out by spiking the wipe tissue with a certain 
amount of mixture of penicillins, i.e. 10µg was spiked on one half of the wipe sampling 
tissue. The spiked tissues were extracted in 10 mL of Milli-Q water. The extracts were 
then analysed using HPLC-MS/MS to calculate the recovery and RSD. 

 
3.9 Field sampling:  

Field samples were collected at a hospital ward. Air was sampled at two different spots 
in the drug preparation room, one near a laminar air flow hood and the other close to 
the washing sink near the hood. Sampling was carried out for 4 hours and a total of 
480 L air was collected during the sampling period. Wipe sampling was made at 
different places in the ward, i.e. in the drug preparation room, cleaning room, patients 
room, and patients toilet, as shown in Table 2, to check the level of contamination of 
penicillin spillage.  

 
Table: 2 Wipe samples collected from a hospital ward 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample 
no Work Places for wipe sampling 

1 In the laminar air flow hood 

2 On the floor down the laminar air flow hood 

3 On the sink near the laminar air flow hood 

4 On the top of the shelf near the laminar air flow 
hood 

5 On the floor in one of the corner down the laminar 
air flow hood 

6 In the toilet on the floor beneath the seat 

7 In the ward room no 34 on the floor under the 
patients bed 

8 In the cleaning room on the floor 
9 In the ward room no 5 on the floor under the 

patients bed 
10 In the toilet inside the same room beneath the 

toilet seat 
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  4. Results and Discussion: 

4.1 Method Development: 
For the development of simple analytical method, various HPLC parameters i.e. 
temperature, flow rate, acetonitrile/water in different concentrations and MS/MS 
parameters like collision energy, collision cell exit potential were changed during the 
course of laboratory experiments. Finally we managed to develop a method with the 
parameters given above that made adequate simultaneous determination of all five 
penicillins possible. Easy and robust sampling procedures for air and wipe samples 
and straight forward analytical procedure make the method simple and reliable as 
described below. 
 
4.2 Calibration curves: 
Calibrations curves were obtained, in the beginning of our study, by plotting 
concentration versus peak area for seven concentrations of each penicillin as follows 
0.2, 0.5, 0.8, 1.0, 3.0, 5.0 and 10 µg/mL. We were not, however, able to obtain a linear 
trendline for these seven points. We, therefore, decided to exclude the highest points 
from the curve to obtain linearity, while keeping the lowest concentrations. This gave 
us a linear trendline in the following range which is 0.2 - 1.0 µg/mL. The reason that 
we chose these concentrations is that these were linear and were relevant to the 
concentrations of our test samples, which were 0.05, 0.5, 1.0 µg/mL. 
 

 
 

Figure: 2 A calibration curve for Cloxacillin  
 
Calibration curves for each penicillin were obtained by plotting peak height versus 
concentration of three standard solutions in the range from 0.1 – 1µg/mL, which were 
the concentrations in the analytical solution. The reason for using peak height, instead 
of peak areas, for the standards is that we did not get any measurable peak area for the 
analytes in the field samples and the calculations were therefore made using peak 
heights. Later in our study, we kept these results in our consideration. Therefore, we 
have not used seven points, but only the three points with lowest concentrations i.e. 
0.1, 0.5 and 1.0 µg/mL (Figure 3).  A linear trendline was obtained for all the penicillin 
with a correlation coefficient of r > 0.99. 
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Figure: 3. Calibration curves of each penicillin from wipe samples. 
 
4.3 Validation of the method: 

4.3.1 Recovery 
For the validation of the method, we chose two air levels of penicillins and spiked the 
filters with suitable amounts. After sample work-up, this resulted in 0.5 µg/mL and 10 
µg/mL, for a 4 h sampling, and 0.05 µg/mL and 1.0 µg/mL for an 1 h sampling, of 
penicillin concentrations in the analytical solutions. The evaluation showed that the 
spiked penicillins on the filters were quantitatively extracted and recovered at the five 
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levels studied (Table 3). The recoveries ranged from 87% to 107% for air filter 
samples. The method had a variability ranging from 3 to 22% relative standard 
deviation (RSD).  

 
        Table: 3. Results of the spiked filters of five antibiotics with analyzed 
concentration, percentage recovery, RSD -relative standard deviation and No - number 
of samples. 
 
 

Compound 
Spiked 

Amount 
µg 

Recovery 
(%) RSD (%) No 

Cloxacillin 

0.5 100 9 6 

5 100 11 5 

10 97 7 6 

100 100 6 6 

Dicloxacillin 

0.5 87 15 6 

5 93 15 5 

10 95 9 6 

100 95 8 6 

Penicillin G 

0.5 102 11 6 

5 101 13 5 

10 100 14 6 

100 99 10 6 

Penicillin V 

0.5 100 3 6 

5 107 11 5 

10 96 22 6 

100 100 11 6 

Piperacillin 

0.5 92 20 6 

5 91 12 5 

10 95 18 6 

100 98 8 6 

 
For the validation of the method for wipe samples, the wipe tissue was cut in two half; 
the halves were spiked with a mixture of penicillins, corresponding to a surface 
contamination of 0.1 µg/ cm2 on a 100 cm2 surface. Table 4 shows the results from the 
validation of wipe samples. From the results, it is quite clear that we have got a good 
recovery (96-117 %) in the wipe test samples, which shows the accuracy of the 
developed method although there was a poor recovery of 2% for Cloxacillin. 
Unfortunately we have no explanation for the poor result of that antibiotic.  
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 Table 4: Recovery of tissues spiked with 10 µg 
 

Compound 
Spiked 

Amount 
µg 

Mean 
Recovery 

(%) 
RSD % 

Cloxacillin 10 2 
 

96 
 

Dicloxacillin 10 97 
 

7 
 

Penicillin G 10 117 
 

6 
 

Penicillin V 10 107 
 

3 
 

Piperacillin 10 108 
 

4 
 

               Note: RSD: Relative Standard of Deviation 

4.3.2 Results from stability test 
The stability test was also evaluated and it was found that some of the penicillin e.g. 
Piperacillin was not stable even in the refrigerator and Dicloxacillin was not stable at 
room temperature but others showed good stability (Table 5). 
 
Table: 5. 24 hours and 1 week stability Test for penicillins 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Ref: Refrigerator, R.T: Room Temperature, RSD: Relative Standard of Deviation 
 
In the 24-hours stability test, Cloxacillin, Dicloxacillin, Penicillin G, Penicillin V 
showed good recovery but there was a clear decrease in the mean percentage recovery 
of Piperacillin in Refrigerator and at room temperature Cloxacillin, Penicillin G, 
Penicillin V showed good recovery but there is a clear decrease in Dicloxacillin and 
Piperacillin. After one week, in the refrigerator samples we have good recovery for all 
penicillins except Piperacillin and there is still a loss of recovery for 1 week at room 
temperature for all the Penicillin and for Piperacillin increased recovery after one 
week which cannot be fully explained. 

4.3.3 Detection limit 
The separation of the mixture of penicillins using HPLC-MS/MS produced clean 
chromatograms for almost all the compounds. The limit of detection has been 
calculated from the HPLC-MS/MS data for four hour sampling and one hour sampling 
as a mean value from 4-6 injections of the lowest standard. (Table 6). The limit of 
detection for one hour air sampling has been found to be considerable lower than the 

Compound 
Spiked 

Amount 
 

24 h – Storage time 1 Week Storage time 

 µg 
Mean 

Ref 
(%) 

RSD 
(%) 

Mean 
R.T 
(%) 

RSD 
(%) 

Mean 
Ref 
(%) 

RSD 
(%) 

Mean 
R.T 
(%) 

RSD 
(%) 

Cloxacillin 10 102 4 95 4 93 48 74 61 

Dicloxacillin 10 90 5 65 11 103 48 75 63 

Penicillin G 10 109 6 109 7 92 51 75 62 

Penicillin V 10 100 14 116 7 108 51 92 62 

Piperacillin 10 59 36 16 43 87 51 75 60 
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OEL value, which validates that the method also is applicable for short sampling 
times. For wipe sampling, there are no specific guidelines to be followed. We aimed for 
detection limits to be less than 1 ng/cm2 based on a 100 cm2 surface. Unfortunately we 
were not able to achieve the desired detection limit (Table 6) and therefore further 
development is necessary to reach that level. The method can be improved with some 
kind of pre-concentration method e.g. solid phase extraction.  

 
Table: 6: Limit of Detection for wipe and air sampling 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: LOD: Limit of detection 
 

4.4 Field sampling 

4.4.1 Wipe samples 
The tissues used for wipe sampling have already been tested and used in the 
monitoring of aerosol deposition in workplaces (18). In total, 10 wipe samples were 
collected to check the spillage of penicillins in a hospital ward Table 2. The samples 
were collected from the drug preparation room and other places in the ward. The 
results of the wipe samples showed no spillage of any penicillin except Cloxacillin in 
samples No.1, which was above the detection limit (Table 7).  
 
Table: 7. Analytical results for the determination of penicillins in wipe samples 
collected a Hospital ward 

 

 
 

Wipe Samples Air sampling for One and four 
hour 

Compound LOD in 
sample ng 

Surface 
ng/cm2 

LOD in 
sample ng 1hr mg/m3 4 hr  

mg/m3 

Cloxacillin 0.5 x 103 5 0.8 x 103 0.007 0.001 

Dicloxacillin 0.6 x 103 6 0.2 x 103 0.001 0.0003 

Penicillin G 0.4 x 103 4 0.1 x 104 0.008 0.002 

Penicillin V 0.3 x 103 3 0.2 x 104 0.01 0.004 

Piperacillin 0.3 x 103 3 0.1 x 104 0.01 0.002 

Compounds Cloxacillin Dicloxacillin Penicillin G Penicillin V Piperacillin 
Detection 

Limit 
(ng/cm2) 

5 6 4 3 3 

Sample ID Sample Concentration (ng/cm2) 
1 8.1 N.D N.D N.D N.D 
2 N.D N.D N.D N.D N.D 
3 N.D N.D N.D N.D N.D 
4 N.D N.D N.D N.D N.D 
5 N.D N.D N.D N.D N.D 
6 N.D N.D N.D N.D N.D 
7 N.D N.D N.D N.D N.D 
8 N.D N.D N.D N.D N.D 
9 N.D N.D N.D N.D N.D 

10 N.D N.D N.D N.D N.D 
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This sample was collected from inside the laminar air flow hood (cabinet) where they 
prepare the drugs for the patients. All other samples, collected at different places, 
showed no detectable spillage. The limit of detection (LOD) was determined based on 
a signal to noise ratio (S/N) 3:1 response for each penicillin in the wipe samples and 
are given in table 7. From the results of the wipe samples, there can be two 
possibilities, one can be that when the hospital staff prepares the drugs for the 
patients, they use disposable sheets in the hoods, which covers the whole working 
areas and prevent spillage onto the bench surface. Another reason can be that all the 
surfaces in drug preparation room, patients ward, and patients’ toilet had been 
carefully cleaned recently before we collected our samples.  

4.4.2 Air sample 
The SWHA has set the OEL for the penicillins as air borne dust. Gravimetry is the 
standard analytical method for determination of exposure to airborne dust. Since this 
is a standard method, we therefore also used this method for determination of 
airborne penicillins, although there are obvious drawbacks with this method, which 
will be discussed below.  
 
The static air measurement was performed in the drug preparation room at a hospital 
ward. The total duration of air sampling was 4 hours and a total air volume of 480L 
was sucked through the air sampling device. For the measurement of penicillins from 
filters we applied two different methods. One is gravimetry by weighing the filter 
before and after sampling, which is the standard method for determination of air 
borne dust in work places. The weight difference represents the mass of collected dust 
as can be seen from (table 8). 
 
Table: 8. Results of the weighing air samples collected from the drug preparation 
room in the haematology ward in the University hospital 
 

Detection Limit of 
Sampler (mg) 0.1 

Total air volume 
(m3) 0.48 

Sample ID 
Sample 

Concentration 
(mg/m3) 

1 < 0.2 

2 < 0.2 

3 < 0.2 

4 < 0.2 

 
The detection limit obtained with 4 h sampling is twice the OEL for penicillins. 
Moreover, if there is other airborne dust, than penicillins, present, which is likely to 
occur, the gravimetric method will overestimate the concentration. This means that 
the gravimetric method will not be suitable for assessment of occupational exposure to 
airborne penicillins.  
 
The other method used is analysis of penicillins by HPLC-MS/MS. This, second, 
method gave significant better performance characteristics. The LOD values we got 
with the HPLC-MS/MS are quite lower than the OEL value (0.1 mg/m3). This means 
that we do not need to sample air for longer duration than one hour sampling.  
From the results of air sampling, it shows that there was no emission of penicillins 
into the air. The reason for this can be that no compounding was carried out during 
the sampling time.  Moreover, the results for the wipe samples are in line with these 
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air sample results, as we could not detect any penicillin except Cloxacillin in the one of 
the wipe samples which was collected from the laminar air flow hood.  

Table: 9. Results of the four hour air samples from HPLC analysis the drug 
preparation room in the ward at the University hospital  

 
Compound

s Cloxacillin Dicloxacilli
n 

Penicillin 
G 

Penicillin 
V 

Piperacilli
n 

Detection 
Limit 

mg/m3 

0.002 
 

0.0003 
 

0.002 
 

0.004 
 

0.003 
 

Sample ID Sample Concentration (mg/m3) 

1 N.D N.D N.D N.D N.D 

2 N.D N.D N.D N.D N.D 

3 N.D N.D N.D N.D N.D 

4 N.D N.D N.D N.D N.D 

 
Note: N.D: Not detected 
 
Conclusions: 

The purpose of this study was to develop a simple method for monitoring penicillin in 
air and on surfaces, which can be used for screening occupational exposure to 
penicillin in different work environments. For screening investigations two techniques 
were used one by collecting air samples and second by collecting wipe samples and the 
analysis of penicillins were carried out by HPLC-MS/MS method. For the comparison 
another analytical method was used i.e. weighing method which is only used for air 
filters. The developed HPLC-MS/MS method has shown to be suitable for the analysis 
of 5 selected penicillins in solutions from both extracted wipe and filter samples. The 
simplicity and selectivity of the procedure make these techniques a useful tool to 
monitor aerosol distribution as compared to gravimetry method. There are two 
disadvantages with the gravimetry method. First, the OEL is unsatisfactory and, 
second, is that, if there is other kind of airborne dust than penicillins it can 
overestimate the concentration. 
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